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ABSTRACT The origin and exact stage of differentiation of the neoplastic cells that comprise hairy cell leukemia have remained uncertain. As Ig heavy and light chain genes must both undergo a DNA rearrangement during B-cell development but rarely do so within other hematopoietic lineages, we examined these genes in this leukemia. The neoplastic cells of all eight cases demonstrated rearranged heavy and light chain genes and, in two cases examined, contained the corresponding mRNA for heavy and light chain Ig. Consistent with this B-cell genotype, all cases displayed cell surface HLA-DR and B-cell-associated antigens. Unexpectedly, all cases demonstrated cell surface Tac antigen, which previously had been restricted predominantly to select T-cell malignancies and activated T cells. Prior studies suggested that the antiTac monoclonal antibody recognized a peptide associated with the binding of interleukin 2 (T-cell growth factor) in such T cells. Immunoprecipitation with anti-Tac and NaDodSO4/polyacrylamide gel electrophoresis revealed an antigen on leukemic hairy cells with a Mr of 53,000-57,000, identical in size to the receptor on activated T cells. This apparent biphenotypic status might reflect a transformation-associated expression of the Tac antigen in this leukemia. Alternatively, hairy cell leukemia may be a malignancy of a unique stage of normal B-cell differentiation in which the Tac antigen is expressed.
Considerable controversy has surrounded the cellular origin and the stage of differentiation of the neoplastic cells comprising hairy cell leukemia (HCL), leukemic reticuloendotheliosis (1) (2) (3) (4) . These neoplastic mononuclear cells characteristically have a ruffled cell surface and contain acid phosphatase resistant to tartaric acid (3) . However, no fully equivalent cell within normal cellular differentiation has been identified. Several investigations have found the presence of B-cell-associated surface antigens (5) (6) (7) , whereas others have reported T-cell-associated surface antigens (8) (9) (10) upon these leukemic cells. The vast majority of cases do bear surface Ig, but the presence of avid Fc fragment receptors (11) and reports of multiple Ig isotypes (5, 12) have raised questions as to whether the Ig in all cases was actually synthesized by the neoplastic cells.
In this study we determined the patterns of Ig gene arrangement and the expression of Ig genes within HCL. Ig genes must undergo a prerequisite reorganization at the DNA level during the differentiation of a B cell (13) (14) (15) . This occurs in a sequential order in which heavy (H) chain gene rearrangement precedes that of the light (L) chain genes, of which the K-chain genes generally rearrange before the A chain genes (16) (17) (18) in the germ-line form (19, 20) . We show here that the HCL cells examined possess Ig gene rearrangements and mRNA responsible for Ig production, thus placing these leukemic expansions within the B-cell lineage. In addition, the observed patterns of H and L chain gene rearrangements suggest a rather mature stage of B-cell differentiation. Surprisingly, the leukemia cells of all eight cases reacted with the anti-Tac antibody (21, 22 ), which appears to recognize, at least in part, the membrane receptor for interleukin 2 (IL-2; or T-cell growth factor) on activated T cells (23 were washed and surface-labeled with 1"I as described (23) .
Labeled cells were extracted, and the supernatants were cleared with a monoclonal Ig (RPC5; IgG2a-K) and 10% formaldehydefixed Cowan I strain staphylococci as described (23) . This supernatant was immunoprecipitated with purified anti-Tac or control UPC10 (another IgG2a-K). The final, washed pellet was resuspended in 0.1 M dithiothreitol/1% NaDodSO4, boiled, and then analyzed by 7.5% discontinuous NaDodSO4/polyacrylamide gel electrophoresis (23) . (Fig. 1B) . Examination of these BamHI digests revealed that the C. region was retained on at least one of these alleles. Although this case is predominantly a cell surface IgG-positive leukemia, approximately 15% of the leukemic cells of case 2 bore surface IgM (Table 1) , and ,u chain mRNA was indeed detectable within these cells (Fig. 1B ). The precise mechanism by which such a leukemia can produce two Germ, germ line.
RESULTS
* Cells examined from cases 6, 7, and 8 contained some nonleukemic cells that contributed germ-line K chain genes. Thus, K chain deletions could not be assessed in these instances. (16) (17) (18) 20 leukemic cells that expressed cell surface Ig expressed Tac antigen as well (Fig. 2) .
Initial Characterization of the Cell Surface Tac Antigen in HCL Cells. The HCL cells of case 1 were purified by removing any residual sheep erythrocyte-binding T cells, leaving 1% or less of contaminating T cells as assessed by Leu 1, Leu 4, or OKT1L monoclonal antibodies. The surface membrane antigen recognized by anti-Tac was then characterized on these purified leukemic cells. The HCL cells and, as a control, an IL-2-dependent T-cell line established from the same patient were surface-iodinated and immunoprecipitated with either anti-Tac or UPC10. A broad Mr 53,000-57,000 band was immunopre--cipitated by anti-Tac but not by the control monoclonal UPC1O (Fig. 3) . The membrane antigen identified on these hairy cells was essentially identical in size to that of the Tac receptor present on the IL-2-dependent T-cell line. To further assess whether reactivity with anti-Tac indicated the presence of a functional IL-2 receptor, aliquots of the purified hairy cells were incubated in the presence of a lectin-depleted IL-2 preparation, and proliferation was assessed by [3H]thymidine incorporation. In the presence of IL-2, proliferation in these hairy cell cultures was very modest, ranging from 1.5-to 3.0-fold greater than that obtained in cultures without IL-2. 
DISCUSSION

